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® Composite gas separation membranes. 

(&) A membrane having an improved separation factor with 
respect to at least one gas of a gaseous mixture through the 
incorporation of an in situ formed non-porous intermediate 
layer (8) between a porous support (4) and an in situ-formed 
separating layer (2). The intermediate layer (8) is comprised 
of a polymer material which is highly permeable to the at 
least one gas relative to the separating layer (2) which has a 
separation factor for the at least one gas which is greater 
than the separation factor exhibited by the intermediate layer 
(8). 
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COMPOSITE GAS SEPARATION MEMBRANES 
This invention relates to composite gas 
separation membranes which have a non-porous interme- 
diate layer between a separating layer and a porous 
5 support. 

PRIOR ART 

Klass, et al, U.S. Patent No. 3,616,607, 
Stancell, et al., U.S. Patent No. 3,657,113 and 
Yasuda, U.S. Patent No. 3,775,303 exemplify gas 

10 separation membranes having superimposed membranes on 
a porous support. 

A technique has also been developed of 
casting very thin polymer films on water, then to be 
picked up on porous supports. Since the films are 

15 very hard to handle, multiple applications have to be 
made and the technique is very hard to scale up. 

Such composite membranes for gas separations 
have not been without other problems. For instance, 
Browall in U.S. Patent No. 3,980,456 discloses the 

20 fabrication of composite membrane films for separation 
of oxygen from air comprising a support of microporous 
polycarbonate sheet and a separately formed, i.e., 
preformed, superimposed ultrathin separation membrane 
of 80 percent poly(phenylene oxide) and 20 percent 

25 organopolysiloxane-polycarbonate copolymer. In the 
fabrication of the membranes the exclusion from the 
manufacturing area of extremely small particulate 
impurities, i.e., particles below about 3 x 10' 7 
meters in size, is stated by Browall to be impractical 

30 or impossible. These fine particles may be deposited 
under or between preformed ultrathin membrane layers 
and, because of their large size in comparison to the 
ultrathin membranes, puncture the ultrathin membranes. 
Such breaches reduce the effectiveness of the mem- 

35 brane. The Browall patent discloses applying a 

preformed organopolysiloxane-polycarbonate copolymer 
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sealing material over the ultrathin membrane to cover 
the breaches caused by the fine particles. 

BACKGROUND AND DEFINITION OF TERMS 
In practice, the separation factor with 
5 respect to a given pair of gases for a given membrane 
can be determined employing numerous techniques which 
provide sufficient information for calculation of 
permeability constants or permeabilities for each of 
the pair of gases. Several of the many techniques 

10 available for determining permeability constants, 

permeabilities, and separating factors is disclosed by 
Hwang, et al, Techniques of Chemistry, Volume VII, 
Membranes in Separations, John Wiley & Sons, 1975 
(herein incorporated by reference) at Chapter 12 , 

15 pages 296 to 322 . 

An "intrinsic" separation factor as referred 
to herein is the separation factor for a material 
which has no pores for gas flow across the material, 
and is the highest achievable separation factor for 

20 the material. Such a material may be referred to as 

being continuous or non-porous- The intrinsic separa- 
tion factor of a material can be approximated by 
measuring the separation factor of a relatively thick 
compact membrane of the material. However, several 

25 difficulties may exist in the determination of an 

intrinsic separation factor including imperfections 
introduced in the preparation of the compact membrane 
such as the presence of pores, the presence of fine 
particles in the compact membrane, undefined molecular 

30 order due to variations in membrane preparation, and 
the like. Consequently, the "determined intrinsic" 
separation factor can be lower than the intrinsic 
separation factor. Accordingly, a "determined intrin- 
sic" separation factor as employed herein refers to 

35 the separation factor of a dry, relatively thick 
compact membrane of the material. 
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DETAILED DESCRIPTION OF THE INVENTION 
The composite gas separation membrane in 
accordance with this invention exhibits with respect 
to at least one pair of gases a separation factor 
which is improved through the use of a non-porous 
intermediate layer comprised of a polymer material 
which is extremely permeable to gases, and of low 
selectivity. Interposing such a thin intermediate 
layer of such a polymer between the porous support and 
the thin, dense selective layer has a number of 
beneficial effects such as allowing the thin separat- 
ing layer to withstand reasonable differential pres- 
sure. For such a thin separating layer to withstand 
differential pressures without the intermediate layer, 
the separating layer's thickness must be at least 
equal to the pore diameter of the porous support. The 
intermediate layer is non-porous, thus, in effect 
creates an essentially non-porous support combination 
for the separating layer. 

Further, in accordance with the invention 
the improvement in composite gas separating membranes 
through the inclusion of an intermediate non-porous 
layer allows for the use of highly porous materials 
such as porous glass as the support. The use of many 
porous supports is limited by low surface porosity and 
by large pore sizes dictating thick coating layers in 
order to prevent collapse into the pores. Also the 
coating layers might be imperfect, especially when 
very thin which is desirable for high permeability 
30 rates. An intermediate non-porous polymer layer made 
of a very highly permeable polymer, coated directly 
onto the porous support can minimize all these poten- 
tial problems. The intermediate non-porous layer due 
to its very high gas permeability can channel gas flow 
to the pores of the porous substrate more effectively 
than the separating polymer itself which will usually 
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be much less permeable. The intermediate layer will 
decrease the probability of rupturing the separating 
layer through the pores of the porous support, thus 
making possible the use of thinner membrane separating 
layers- Thirdly, the intermediate layer can act as an 
undercoating for an imperfect separating layer follow- 
ing the principles described in Henis, et al, IKS. 
Patent No. 4,230,463 which is hereby incorporated by 
reference. However, unlike the Henis Patent in which 
the sealing material is applied as the layer furthest 
removed from the porous substructure, the sealing 
material of the present procedure is applied between 
the porous support and the separating layer. The 
overall effect will be a substantial improvement in 
selectivity without a major loss in permeability. In 
addition the separating membrane of the Henis, et al 
patent has a substantial void volume, that is, aniso- 
tropic, whereas the present inventive composite 
membrane involves a thin, dense, essentially non- 
porous separating layer . Moreover, coagulation or 
void formation in the top, selective layer are detri- 
mental to the membranes of the present invention. 

The important properties of the intermediate 
layer are, therefore, high permeability and thus 
little resistance to gas flow, good coatability on the 
porous support and the capability of being coated by 
the separating layer polymer. In the case of coating 
from solution the last two properties reduce to 
wetability of the support by the intermediate layer 
polymer solution and wetability of the intermediate 
layer by the separating layer polymer solution, for 
example, a contact angle of less than 90 degrees . 
This property is crucial for good membrane formation. 
Obviously none of the solvents used should be a good 
solvent for any of the previously deposited layers or 
porous support. Some of the preferred intermediate 
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layer polymers are polydimethylsiloxanfcs, polyfluoro- 
phosphazenes and most preferred 
poly ( trimethylsilyacetylenes ) . 

The in situ- formed composite membranes of 
the invention need to avoid thickness. Direct deposi- 
tion of a membrane forming solution on a porous 
support can lead to excessively thick membranes due to 
capillary action pulling solution into the pores and, 
hence, slow permeation rates. In order to avoid 
formation of membranes in the pores of the porous 
support, the porous support can be preimpregnated with 
a liquid of relatively high vapor pressure, which is 
either a solvent for the membrane polymer or a weak 
non-solvent, and miscible with the polymer solution. 
The precoating step inhibits volumetric flow of 
polymer solution into the porous support which could 
occur due to capillary forces. This optional forma- 
tion step for the in situ-produced composite membranes 
could also be achieved by slight pressure on the 
porous support; however, the capillary forces are not 
a dominate factor in the present invention and the 
preimpregnation step is not necessary in order to form 
the inventive composite membranes. 

Forming the composite membranes by solution 
coating is a preferred approach; however, the compos- 
ite membranes of the invention are not limited to 
composite membranes produced by solution coating. For 
example, plasma deposition and related processes could 
be used to produce the inventive composite membrane. 

Generally organic polymers or organic 
polymers mixed with inorganics are used to prepare the 
separating layer. Typical polymers suitable for the 
separation membrane according to the invention can be 
substituted or unsubstituted cross-linked or uncross- 
linked polymers and may be selected from polysulfones, 
poly(styrenes) , including styrene-containing 
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copolymers such as acrylonitrile styrene copolymers, 
styrene-butadiene copolymers and styreue-vinyl (benzyl- 
halide copolymers); polycarbonates; cellulosic poly- 
mers, such as cellulose acetate, cellulose acetate- 
5 butyrate, cellulose propionate, ethyl cellulose, 

methyl cellulose, nitrocellulose, etc.; polyamides and 
polyimides, including aryl polyamides and aryl poly- 
imides; polyethers; poly(arylene oxides) such as 
poly(phenylene oxide), substituted poly(phenylene 

10 oxides) and poly (xylene oxide); poly(esteramide- 

diisocyanate ) ; polyure thanes; polyesters (including 
polyarylates), such as poly (ethylene terephthalate), 
poly(alkyl methacrylates ) , poly(acrylates), poly(pheny- 
lene terephthalate) , etc.; polysulfides, polymers from 

15 monomers having alpha-olefinic unsaturation other than 
mentioned above such as poly( ethylene ) , poly (propylene) , 
poly(butene-l), poly(4-methyl pentene-l)\ polyvinyls, 
e.g., poly(vinyl chloride), poly(vinyl fluoride), 
poly(vinylidene chloride), poly(vinylidene fluoride), 

20 poly (vinyl alcohol), poly (vinyl esters) such as 
poly (vinyl acetate) and poly (vinyl propionate), 
poly (vinyl pyridines), poly (vinyl pyrrolidones ) , 
poly (vinyl ethers), poly( vinyl ketones), poly (vinyl 
aldehydes) such as poly( vinyl formal) and poly (vinyl 

25 butyral), poly (vinyl amides), poly (vinyl amines), 

poly (vinyl urethanes), poly (vinyl ureas), poly (vinyl 
phosphates) and poly( vinyl sulfates); poly( vinyl 
silanes); polyalkyls; poly(benzobenzimidazole) ; 
polyhydrazides; polyoxadiazoles , polytriazoles, 

30 poly(benzimidazole); polycarbodiimides; etc., and 

interpolymers, including block interpolymers contain- 
ing repeating units from the above such as inter 
polymers of acrylonitrile-vinyl bromide- sodium salt of 
para-sulfophenylmethallyl ethers; and grafts and 

35 blends containing any of the foregoing. 
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Typically substituents providing substituted 
polymers include halogens such as fluorine, chlorine 
and bromine, hydroxyl groups; lower alkyl groups; 
lower alkoxy groups; monocyclic aryl; lower acyl 
5 groups and the like. 

The weight percent of polymer in the solu- 
tion of the separating layer solution may vary widely 
but is generally in the range from about 0.1 percent 
to about 10 percent by weight. The solution contain- 

10 ing the polymeric material which forms the separating 
layer must be of a nature which will sufficiently wet 
the intermediate non-porous layer in order to provide 
suitable contact with the in situ- formed separating 
layer to the intermediate layer. 

15 Suitable solvents for the solution contain- 

ing the polymeric material which forms the separating 
layer include its solvents which have sufficient 
solubility to form coating solutions of the polymeric 
materials of the separating layer. These solvents can 

20 be selected from normally liquid alkanes, alcohols, 
ketones, ethers, esters, some substituted alkanes, 
alcohols, ketones, ethers, esters and the like; and 
mixtures thereof. 

Generally organic polymers, organic polymers 

25 mixed with inorganics, or inorganic materials are 
suitable for the preparation of the porous support 
according to the invention. Typical polymers suitable 
for the porous support according to the invention can 
be substituted or unsubstituted, cross-linked or 

30 uncross-linked polymers as well as copolymers and 

mixtures thereof. Typical polymers suitable for the 
porous support are porous membrane materials prepared 
from the same polymers which are suitable for forming 
the separating layer. Other suitable porous supports 

35 or substrates are inorganics such as porous glass, 
porous metal, porous ceramics and the like. 
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The materials for the intermediate non- 
porous layer may be natural or synthetic substances, 
and are often polymers, and advantageously exhibit the 
appropriate properties to provide non-porous contact 
with the porous support. Synthetic substances include 
both addition and condensation polymers. Typical of 
the useful materials which can comprise the interme- 
diate are polymers which can be substituted or unsub- 
stituted and include synthetic rubbers, natural 
rubbers, organic prepolymers, poly(siloxanes) (sili- 
cone polymers); polysilazanes; polyurethanes ; poly(epi- 
chlorhydrin); polyamines; polyimines; polyamides; 
acrylonitrile-containing copolymers such as poly(a- 
chloroacrylonitrile) copolymers; polyesters (including 
polyarylates), e.g., poly(alkyl acrylates) and poly- 
(alkyl methacrylates ) wherein the alkyl groups have, 
say, 1 to about 8 carbons; polysebacates, polysucci- 
nates, and alkyl resins; terpinoid resins; linseed 
oil; cellulosic polymers; polysulfones, especially 
aliphatic-containing polysulfones; poly ( alky lene 
glycols) such as poly (ethylene glycol), poly (propylene 
glycol) r _ etc.; poly (alky lene); polysulfates; poly- 
pyrrolidones; polymers from monomers having olefinic 
unsaturation such as poly ( olefins ) , e.g., poly (ethy- 
lene), poly(propylene), poly (butadiene) , poly(2,3- 
dichlorobutadiene), poly(isoprene), poly(chloroprene) , 
poly(styrene) including poly(styrene) copolymers, 
e.g., styrene-butadiene copolymer, polyvinyls such as 
poly (vinyl alcohols), poly (vinyl aldehydes), poly (vinyl 
formal), poly (vinyl butyral), poly (vinyl ketones) 
[e.g., poly (methylvinylke tone),] poly (vinyl esters) 
[e.g., poly(vinyl benzoate),] poly(vinyl halides) 
[e.g., poly(vinyl bromide),] poly ( vinyl idene halides), 
poly ( vinylidene carbonate ) , poly (N-vinylmaleimide ) , 
etc . , poly ( 1 , 5-cyclooctadiene ) , poly (methylisopropenyl- 
ketone), fluorinated ethylene copolymer; poly (ary lene 
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oxides), e.g., poly(xylylene oxide); polycarbonates; 
poly(organophosphazenes); poly(vinyl silanes); poly- 
(silylacetylenes) ; polyphosphates, e.g., poly (e thy lene- 
methylphosphate ) ; and the like, and any interpolymers 
including block interpolymers containing repeating 
units from the above, and grafts and blends containing 
any of the foregoing- The polymers may or may not be 
cross linked after application to the porous separa- 
tion membrane. 

The solution containing the polymeric 
material which forms the intermediate non-porous layer 
must be of such a nature to sufficiently wet the 
porous support or porous support impregnated with 
suitable solvent in order to provide suitable contact 
of the in situ-formed intermediate layer to the porous 
support. Suitable solvents for the solution contain- 
ing the polymeric material which forms the intermedi- 
ate non-porous layer include normally liquid alkanes; 
aliphatic alcohols; aliphatic ketones; some haloge- 
nated alkanes; dialkylethers; aliphatic esters and the 
like; and mixtures thereof. 

The solution containing the polymeric 
material which forms the separating layer must be of a 
nature which will sufficiently wet the intermediate 
non-porous layer in order to provide suitable contact 
with the in situ- formed separating layer to the 
intermediate layer. Suitable solvents for the solu- 
tion containing the polymeric material which forms the 
separating layer include its solvents which have 
sufficient solubility to form coating solutions of the 
polymeric materials of the separating layer. These 
solvents can be selected from normally liquid alkanes, 
alcohols, ketones, ethers, esters, some substituted 
alkane, alcohols, ketones and the like; and mixtures 
thereof. 
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Optionally, the composite membrane 
consisting of a porous substrate, intermediate layer 
and separating layer, can be in situ coated with one 
or more additional layers of a highly permeable, non- 
selective polymer to further improve selectivity. The 
additional layer can be of a material identical to or 
different from that of the intermediate layer. The 
selectivity and permeability relationships of the 
additional coating to those of the separating layer 
are the same as those of the intermediate layer. 

DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention 
of the improved composite gas separation membrane, 
reference is made to Figures 3, 4, 5 and 6 which are 
in accordance with the invention and comparative 
Figures of 1 and 2 which are in accordance with the 
prior art. Prior art Figure 1 illustrates a typical 
composite separation membrane wherein a separating 
layer 2 is in contact with a porous support 4 having 
continuous pores 6. Figure 2 is an expanded view of a 
segment of Figure 1 more clearly illustrating the 
relationship of a thin separating layer of coating in 
contact with the porous support 4.. The composite gas 
separation membrane in accordance with the invention 
is illustrated by Figure 2 wherein the intermediate 
non-porous layer 8 is shown in position between the 
separating layer 2 and porous support 4. In addition, 
defects 10 of the dense separating layer 2 are also* 
indicated said defects extending through the coating 
of the separating layer. The defects are effectively 
sealed by the intermediate layer. Figure 4 is an 
enlarged segment of the improved composite gas separa- 
tion membrane of Figure 2 wherein effective gas flow 
pore opening 12 is illustrated relative to the actual 
pore opening of pore 6. The spacing allowed by the 
intermediate layer 8 allows the gas being separated by 
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separating layer 2 to funnel or more freely transmit 
to the pore 6 for flow through the membrane; thus, the 
operational effective pore size dimension 12 which is 
substantially larger than the actual pore size 14. 
Regarding Figure 2 of the prior art representation, 
the gas would substantially be transmitted through 
actual pore size opening and not have the benefit of 
the funneling effect. 

Figure 5 is a highly magnified drawing 
representation of electron microscope of the improved 
composite gas separation membrane according to the 
invention wherein a cross section of the separating 
layer 2, intermediate non-porous layer 8 and porous 
support 4 are shown; however, the illustration is not 
on a horizontal projection. The actual projection is 
about 30 degrees above the horizontal. Figure 6 is a 
photomicrograph taken through the use an electron 
microscope at a magnification of 50,000. The drawing 
of Figure 5 was made from the photomicrograph of 
Figure 6. 

Preferred polymers for the intermediate 
layer are silicones, polyfluorophosphazenes, poly- 
vinyl silanes), and poly silyl acetylenes. Preferred 
examples of porous substrates are porous polypropyl- 
ene, porous glass, porous polysulfone and the like. 
Preferred examples of separating polymers are cellu- 
lose acetate, polysulfone, polyethersulfone, polyim- 
ides, poly(4-methyl-l-pentene) and polyphenylene oxide 
and its derivatives. The important factors in apply- 
ing the in situ-formed intermediate non-porous layer 
and the in situ-formed separating layer involve good 
wetting technique, hence low inter facial surface 
tension of, for example, the porous support by the 
intermediate polymer solution and of the intermediate 
non-porous layer by the separating layer polymer 
solution. 



-12 



0174918 

36-21 ( 6346 )A 



A separation factor (a/b), a, for a membrane 
for a given pair of gases a and b is defined as the 
ratio of the permeability constant (P a ) of the membrane 
for gas a to the permeability constant (P^) of the 
membrane for gas b. A separation factor, alpha, is 
also equal to the ratio of the reduced permeability 
(P a /£) of a membrane of thickness 1 for gas a of a gas 
mixture to the reduced permeability of the same 
membrane to gas b, (P b /£), wherein the permeability, 
P/£, for a given gas is the volume of gas at standard 
temperature and pressure (STP), which passes through a 
membrane per square centimeter of surface area, per 
second, for a partial pressure drop of 1 centimeter of 
mercury across the membrane per unit of thickness, and 
is expressed as P=cm 3 -cm/cm 2 -sec-cmHg. 

The separation factor for the one gas of the 
intermediate non-porous layer to the separating layer 
is within the range of about 0*01 to about 8.0. 

The side of the porous support in contact 
with the intermediate layer has a porosity of about 2 
to 50%. Gases which can be separated by the membrane 
of this invention are, among others, carbon monoxide, 
nitrogen, argon, methane, ethane, carbon dioxide, 
hydrogen sulfide, acid gases and hydrogen. The 
intermediate non-porous layer has an average thickness 
which is equal to or greater than the average pore 
size in the porous support. 

EXAMPLES 

The following table illustrates sixteen 
examples, thirteen of which are in accordance with the 
invention. Examples 2, 4 and 12 are for purposes of 
comparison and are not in accordance with the inven- 
tion. The membranes of examples 2, 4 and 12 do not 
include an intermediate non-porous layer while the 
remaining thirteen examples illustrate various inter- 
mediate non-porous layers and the functionality of 
same as gas separators for C0 2 /methane and oxygen/ 
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nitrogen, in addition, various separating layers of 
polymeric materials are used in combination with the 
various intermediate layers. As can be seen from the 
examples, Examples 2, 4 and 12 have separation factors 
for carbon dioxide/methane of about 1 indicating that 
little or no selectivity was achieved due to imperfec- 
tions in the dense separating layer. The same sepa- 
rating layer, that is a separating layer produced in 
the same manner as in Example 2, was utilized in 
Example 1 in combination with the intermediate non- 
porous layer illustrating for the same separating 
layer and substrate, a separation factor for carbon 
dioxide/methane of 19. The polyethersulfone separat- 
ing layer of Example 3 in combination with the inter- 
mediate layer provides a separation factor for carbon 
dioxide/methane of 15 to 16 while the same separating 
layer on the same porous substrate without the inter- 
mediate layer has a separation factor of 1, i.e., no 
separation. 

Example 14 illustrates an additional aspect 
of the inventive composite membrane wherein an addi- 
tional top coating over the separating layer is 
applied with the resulting composite membrane having 
very desirable C0 2 methane separation factor of 40 and 
a P/i for C0 2 of 46 x 10" 6 . Example 15 illustrates 
the use of a composite membrane according to the 
invention wherein composite membrane has a separation 
factor for oxygen/nitrogen of 3.5 and a P/£ for oxygen 
of 30. 

The composite membranes of Examples 1, 3, 5 
through 11 and 13 through 16 were prepared in the 
following manner. A porous support membrane such as 
Celgard 2402, (a porous polypropylene in sheet form) 
was impregnated with toluene to completely fill the 
pores. Before the toluene evaporates the impregnated 
membrane was covered with a 2% by weight polyacetylene 
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solution of poly(trimethylsilyl propyne) in cyciohex- 
ane. Excess solution was drained from the membrane 
and all solvents were allowed to evaporate- The 
membrane thus coated with the poly(trimethylsilyl 
propyne) was dried at room temperature to about 40° C. 
in a vacuum oven. The membrane was then coated with a 
0.5 to 2% solution of separating polymer in a solvent 
which is a non-solvent for both the porous support and 
the intermediate layer such as 1,2-dichloroethane. 
Excess solution was drained and the solvent evaporated 
to yield the finished composite membrane. 

Performance testing of the membranes as 
illustrated in the table, examples 1 through 16 was 
conducted in a standard test cell wherein the membrane 
is clamped into position with one side of the membrane 
at vacuum 5-20 Pascals (30-200 pHg) and the other side 
under pressure of the test gas mixture of approximate- 
ly 66,600 to 200,000 Pascals (50 to 150 centimeters) of 
mercury. The feed composition for the standard test 
cell is comprised of air for Example 16 and an approx- 
imate ratio of 25%/75% by volume of C0 2 and CEU for 
Examples 1-15. After an equilibrium period the permea- 
bility was determined by following the pressure rise 
on the low pressure side of the membrane as a function 
of time. Selectivity was calculated by determining 
the composition of the permeated gas and comparing 
same to the feed gas composition. 
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CLAIMS: 

1. A composite gas separation membrane 
comprising: 

(a) a porous support; 

(b) an in situ- formed non-porous 
intermediate layer which is in contact with 
the porous support on a first side; and 

(c) an in situ- formed separating layer 
in contact with a second side of the non- 
porous intermediate layer, the intermediate 
layer having a determined intrinsic separa- 
tion factor for one gas of a gaseous mixture 
over that of one or more remaining gases of 
the gaseous mixture which is less than the 
determined intrinsic separation factor of 
the material of the separating layer for the 
one gas, the separating layer having a 
determined intrinsic separation factor for 
the one gas which is less than the deter- 
mined intrinsic separation factor for the 
material of the separating layer for the one 
gas with the composite gas separation 
membrane having a greater separation factor 
for the one gas than the separation factor 
of a composite gas separation membrane 
comprised of the porous support and the 
separating layer. 

2. The composite gas separation membrane of 
Claim 1 in which the ratio of the separation factors 
for the one gas of the in situ- formed intermediate 
non-porous layer relative to the in situ- formed 
separating layer varies from about 0,01 to about 0*8, 

3. The composite gas separation membrane of 
Claim 1 in which the separation factor exhibited by 
the composite gas separation membrane is at least 
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about 25% greater than the determined intrinsic 
separation factor of a' composite gas separation 
membrane comprised of the porous support and separat- 
ing layer. 

4- The composite gas separation membrane of 
Claim 3 in which, with respect to at least one gas of 
a pair of gases of the gaseous mixture, the material 
of the in situ-formed intermediate non-porous layer 
has a higher permeability constant than does the 
material of the in situ-formed separating layer. 

5. The composite gas separation membrane 
according to Claim 3 in which, with respect to at 
least one gas, which gas is selected from the group 
consisting of carbon monoxide, nitrogen, argon, 
methane, ethane, carbon dioxide, hydrogen sulfide, 
acid gases, and hydrogen, the effective separating 
thickness of the composite gas separation membrane 
varies from about 200 angstroms to about 15 x 10~ 6 
meters . 

6- The composite gas separation membrane of 
Claim 1 in which the porous support first side surface 
area is comprised of from about 2 to about 50% pores. 

7. The composite gas separation membrane of 
Claim 1 in which the composite membrane is a film* 

8* The composite gas separation membrane of 
Claim 1 in which the composite membrane is a hollow 
fiber. 

9. The composite gas separation membrane of 
Claim 1 wherein the in situ-formed intermediate non- 
porous layer has an average dimensional thickness of 
at least twice that of the average dimensional thick- 
ness of the separating layer. 

10. The composite gas separation membrane of 
Claim 1 wherein the composite gas separation membrane 
has an additional in situ-formed non-porous layer of 
the material of the intermediate layer or a different 
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polymeric material layer having permeability for the 
one gas substantially greater than the permeability of 
the separating layer and deposited on top of the 

separating layer. 

11. The composite gas separation membrane of 
Claim 1 wherein the intermediate non-porous layer has 
an average dimensional thickness which is equal to or 
greater than the average pore size of the porous 
support. 

12. The composite gas separation membrane of 
Claim 1 in which in respect to the one gas of the 
gaseous mixture, the composite membrane has a separa- 
tion factor which is at least 60% of the determined 
separation factor of the material of the separating 
layer. 

13. A method for forming a composite gas 
separation membrane, comprising: 

(a) contacting a preformed porous 
support with a solution of polymeric materi- 
al capable of forming a non-porous layer on 
a surface of the porous support; 

(b) forming in situ an intermediate 
non-porous layer on one surface of the 
porous support; 

(c) contacting the resulting preformed 
intermediate non-porous layer with a solu- 
tion of a polymeric material capable of 
forming a separating layer on the resulting 
non-porous layer, the separating layer 
polymeric material having a greater selec- 
tivity for one gas of the gaseous mixture 
over other gases of a gaseous mixture 
relative to the polymeric material of the 
intermediate non-porous layer; and 

(d) forming in situ a separating layer 
on the intermediate non-porous layer. 
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14. The method for forming a composite gas 
separation membrane according to Claim 13 wherein the 
in situ-formed separating layer in contact with the 
intermediate non-porous layer is non-self supporting 
as a layer relative to the pore size of the porous 
support. 

15. The method according to Claim 13 wherein 
the solution of a polymeric material capable of 
forming the intermediate non-porous layer and the 
solution containing the polymer material capable of 
forming the separating layer contain about 0.1 to 
about 10% by weight of polymer in solvents which are 
non-solvents for respectively the material comprising 
the porous support and the intermediate non-porous 
layer. 

16. The method for forming a composite gas 
separation membrane according to Claim 13 wherein the 
solution of the polymeric material capable of forming 
the intermediate non-porous layer has a contact angle 
when contacted with the porous support material or 
support material impregnated with a liquid of less 
than about 90° and the solution of the polymeric 
material capable of forming a separating layer in 
contact with the intermediate non-porous layer has a 
contact angle of less than about 90° relative to the 
intermediate non-porous layer. 

17. The method for forming a composite gas 
separation membrane according to Claim 13 wherein the 
in situ- formed separating layer has defects and 
resulting low separation factors for one gas of a 
gaseous mixture relative to other gases of the gaseous 
mixture which are improved by the in situ-formed 
non-porous layers on one or both sur faces of the 
separating layer of a non-porous layer. 
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